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(54) Keyboard with integral pointing device for controlling cursor position on graphic display and 



(57) In a keyboard input device, a mounting mem- 
ber (13) of a pointing device (P) has holes (13c), and a 
base (1) has projections (1a). The projections are joined 
to the holes by caulking, thereby mounting the pointing 



device on the base. An operating portion of the pointing 
device is placed among a plurality of control keys. 



FIG. 6 
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Description 

[0001] The present invention relates to a keyboard 
input device having a pointing device for controlling the 
cursor position of on a graphic display device and the 5 
like. 

[0002] In general, pointing devices, such as mice or 
trackballs, which are provided separately from keyboard 
input devices, are widely used in graphic display 
devices and the like. In this case, not only space is nec- 
essary for mounting the keyboard input device, but 
space is also necessary for mounting the pointing 
device, and this increases the footprint of the overall 
graphic display device. 

[0003] Accordingly, Japanese Unexamined Patent 
Application No. 6-32421 discloses a combination of a 
keyboard input device having a plurality of control keys 
arranged in order and a pointing device having strain 
gauges, in which the pointing device is incorporated in 
the keyboard input device. 

[0004] Such a keyboard input device integrally pro- 
vided with a pointing device has the advantages of a 
smaller footprint and easier carrying, and demand 
therefor is increasing in the fields of portable personal 
computers and the like in which miniaturization is 
extremely important. 

[0005] As shown in FIGS. 9 and 10, a pointing 
device 20 integrally incorporated in a conventional key- 
board input device includes a control member 23 having 
a flat pedestal 21 at the bottom, and a prismatic operat- 
ing portion 22 projecting upward from the center of the 
pedestal 21. 

[0006] Strain gauges 24, such as resistors, are 
bonded on four outer side faces of the operating portion 
22, and are connected to terminal portions 25a of a flex- 
ible substrate 25. A cap 26 is mounted on the top end of 
the operating portion 22. 

[0007] The pointing device 20 having such a config- 
uration is mounted on a metal plate 30 by directly 
mounting the pedestal 21 on the metal plate 30 and 
folding support pieces 30a, which are formed on the 
metal plate 30 by louvering, onto recesses 21a of the 
pedestal 21. 

[0008] A plurality of control keys are arrayed on a 
plurality of contact portions (not shown) formed on a 
membrane switch 31 . The cap 26 of the pointing device 
20 is exposed, surrounded by a plurality of control keys. 
[0009] The contact portions of the membrane 
switch 31 are turned on and off by operating the control 
keys. When the operating portion 22 is tilted and bent by 
imposing a load on the cap 26 of the pointing device 20 
in the direction of the arrow in FIG. 10, the four strain 
gauges 24 are tensioned or compressed by the bend- 
ing, and the voltages thereof change. A cursor on a dis- 
play (not shown) can be moved to a desired position in 
accordance with the amounts of change in voltages. 
[001 0] Such recent keyboard input devices, particu- 
larly those to be incorporated into notebook personal 



computers, must have low profiles. In order to achieve a 
low profile, it is necessary to reduce the height of the 
control keys and the height of the operating portion 22 in 
the pointing device 20. 

[001 1 ] However, height reduction of the operating 
portion 22 makes it difficult to mount the strain gauges 
24 thereon. 

[001 2] For this reason, a keyboard input device has 
been proposed in which strain gauges are mounted on 
the upper surface or lower surface of a flat pedestal, a 
control member is tilted by applying load on an operat- 
ing portion so as to bend the pedestal, and the bending 
of the pedestal is detected by the strain gauges. 
[0013] If the pointing device having the strain 
gauges attached to the upper or lower surface of the 
pedestal is directly mounted on a metal plate by bend- 
ing support pieces in the above-described manner, the 
force of bending of the support pieces is applied in a 
direction parallel to the pedestal, and acts on the strain 
gauges. This makes it difficult to cause the strain 
gauges to function precisely, and to move the cursor on 
the display precisely. 

[0014] In view of the above problems, an object of 
the present invention is to provide a keyboard input 
device in which a pointing device is mounted on a metal 
plate so that strain gauges can function precisely. 
[0015] According to one aspect of the present 
invention, there is provided a keyboard input device 
including: a membrane switch having a plurality of con- 
tacts; a plurality of control keys arranged on the con- 
tacts so as to operate the membrane switch; a base for 
placing the membrane switch thereon; and a pointing 
device mounted on the base and having a control mem- 
ber including an operating portion and a plurality of 
sensing elements, the control member being mounted 
on a mounting member, wherein one of the mounting 
member and the base has a hole, the other has a pro- 
jection, the pointing device is mounted on the base by 
joining the projection and the hole by caulking, and the 
operating portion of the pointing device is placed among 
the plural control keys. 

[0016] In the keyboard input device, one of the 
mounting member and the base has a hole, the other 
has a projection, the pointing device is mounted on the 
base by joining the projection and the hole by caulking, 
and the operating portion of the pointing device is 
placed among the plural control keys. Therefore, it is 
possible to provide a keyboard input device in which the 
mounting member can be mounted on the base without 
applying unnecessary load on the sensing elements, 
the beam portions can be reliably bent in response to 
the load applied on the operating portion, and the bend- 
ing of the beam portions can be precisely detected by 
the sensing elements. 

[001 7] Preferably, the base and the mounting mem- 
ber are made of metal, and the projection is formed by 
burring or drawing. 

[0018] In this case, working of the base is facili- 
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tated. Moreover, since the mounting member to be 
mounted on the base by caulking is made of metal, it is 
possible to increase the caulking strength of the projec- 
tions, and to thereby reliably mount the pointing device 
on the base. 

[0019] According to another aspect of the present 
invention, there is provided a keyboard input device 
including: a membrane switch having a plurality of con- 
tacts; a plurality of control keys arranged on the con- 
tacts so as to operate the membrane switch; a base for 
placing the membrane switch thereon; and a pointing 
device mounted on the base and having a control mem- 
ber including an operating portion and a plurality of 
sensing elements, the control member being mounted 
on a mounting member, wherein the mounting member 
and the base have holes, an eyelet or a rivet is passed 
through the holes in mutual alignment, and the pointing 
device is mounted on the base by caulking the eyelet or 
rivet. 

[0020] The mounting member and the base have 
holes, and an eyelet or a rivet is passed through the 
holes in mutual alignment and is caulked, thereby 
mounting the pointing device on the base. Therefore, it 
is possible to provide a keyboard input device that fur- 
ther facilitates working of the base. 
[0021] The mounting member may be mounted on 
the upper surface of the base. 
[0022] In this case, the projection of the base and 
the hole of the mounting member can be aligned and 
assembled while being visually checked when mounting 
the pointing device on the base, which provides a key- 
board input device having superior assembly character- 
istics. 

[0023] The mounting member may be mounted on 
the lower surface of the base. 
[0024] In this case, it is possible to make wide use 
of the upper surface of the base adjacent to the pointing 
device, and to increase the degree of flexibility in 
arranging the control keys. 

[0025] Furthermore, even when the height of the 
control keys is further reduced, the amount of protrusion 
of the pointing device above the control keys can be 
also reduced, and therefore, the pointing device is also 
applicable to a low-profile keyboard input device. 
[0026] Further objects, features, and advantages of 
the present invention will be apparent from the following 
description of the preferred embodiments with reference 
to the attached drawings. 

[0027] Embodiments of the present invention will 
now be described, by way of example only, with refer- 
ence to the accompanying schematic drawings, in 
which: 

FIG. 1 is a top view of a keyboard input device 
according to an embodiment of the present inven- 
tion. 

FIG. 2 is a schematic view illustrating a base and a 
membrane switch in the keyboard input device. 



FIGS. 3A and 3B are partial sectional views of a 
projection formed on the base. 
FIG. 4 is a perspective view of a pointing device 
according to the present invention. 
FIG. 5 is an exploded perspective view of the point- 
ing device. 

FIG. 6 is a cross-sectional view showing the princi- 
pal part of the keyboard input device in which the 
pointing device is mounted. 
FIG. 7 is a cross-sectional view showing the princi- 
pal part of a keyboard input device according to 
another embodiment of the present invention. 
FIG. 8 is a cross-sectional view showing the princi- 
pal part of a keyboard input device according to a 
further embodiment of the present invention. 
FIG. 9 is a perspective view of a pointing device 
mounted in a conventional keyboard input device. 
FIG. 10 is an exploded perspective view of the 
pointing device mounted in the conventional key- 
board input device. 

[0028] A keyboard input device according to an 
embodiment of the present invention will be described 
below with reference to the attached drawings. FIG. 1 is 
a top view of a keyboard input device according to an 
embodiment of the present invention, FIG. 2 is a sche- 
matic view of a base and a membrane switch mounted 
thereon, FIGS. 3A and 3B are partial sectional views 
illustrating the shape of a projection formed on the base, 
FIG. 4 is a perspective view of a pointing device accord- 
ing to the present invention, FIG. 5 is an exploded per- 
spective view of the pointing device, FIG. 6 is a cross- 
sectional view showing the principal part of the pointing 
device mounted on the base, and FIGS. 7 and 8 are 
cross-sectional views showing the principal parts of 
other embodiments of the pointing device. 
[0029] In the keyboard input device according to the 
present invention, as shown in FIGS. 1 and 2, a base 1 
is formed of a plate of metal, such as aluminum, in the 
lower part thereof, and three projections 1a are formed 
on fixed positions of the base 1. These projections 1a 
may be formed by burring as shown in FIG. 3A, or by 
drawing as shown in FIG. 3B. 
[0030] A sheetlike membrane switch 2 folded in two 
is placed on the upper surface of the base 1 (not 
shown). The membrane switch 2 has a plurality of con- 
tact portions 2a, and a window 2b formed at a predeter- 
mined position so as to mount therethrough a mounting 
member 13 of a pointing device P, which will be 
described later, on the base 1 . When the membrane 
switch 2 is placed on the base 1 , the three projections 
1a of the base 1 are positioned inside the window 2b. 
[0031] A flexible substrate 2d is led out from the 
rear side of the membrane switch 2, which has wiring 
patterns 2c connected to the contact portions 2a and a 
flexible printed circuit board 12 of the pointing device P 
that will be described later. 

[0032] Control keys 3 are correspondingly mounted 
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on the contact portions 2a. A cap 4 of the pointing 
device P is placed among the tops of three control keys 
G, H, and B shown in FIG. 1 so as to slightly protrude 
thereabove. 

[0033] The pointing device P to be mounted on the 5 
base 1 so as to be positioned inside the window 2b of 
the membrane switch 2 will be described with reference 
to FIGS. 4 and 5. 

[0034] A control member 6 molded from a synthetic 
resin comprises a prismatic operating portion 7, four 
beam portions 6a, 6b, 6c, and 6d connected to the bot- 
tom of the operating portion 7 and radially extending at 
right angles to one another in the form of a cross, four 
connecting portions 8 for connecting the outer side 
ends of the adjoining beam portions 6a, 6b, 6c, and 6d, 
and four triangular holes 9 enclosed by the adjoining 
beam portions 6a, 6b, 6c, and 6d and the connecting 
portions 8 so as to separate the beam portions 6a, 6b, 
6c, and 6d. 

[0035] The cap 4 is made of rubber or the like, and 
is press-fitted on the top of the operating portion 7, as 
shown in FIG. 5. The surface of the cap 4 is implanted 
with fiber to increase frictional resistance, thereby pre- 
venting slip and improving operability of the pointing 
device P. 

[0036] The control member 6 is given an octagonal 
outline by the beam portions 6a, 6b, 6c, and 6d and the 
connecting portions 8. The beam portions 6a, 6b, 6c, 
and 6d are provided, on the lower sides thereof, 
recesses 10 each having a flat top face 10a. Accord- 
ingly, when the control member 6 is mounted on the sur- 
face of the mounting member 13 (which will be 
described later), the beam portions 6a, 6b, 6c, and 6d 
are floating at a predetermined distance from the 
mounting surface. 

[0037] Since the control member 6 is made of a 
transformable resin material, the operating portion 7 
can be tilted in the directions of the arrows X1 , X2, Y1 , 
and Y2, as shown in FIG. 4, by imposing horizontal load 
on the leading end of the operating portion 7 while the 
control member 6 is mounted on the mounting member 
13. 

[0038] The flexible printed circuit board (hereinafter 
referred to as "FPC") 12 made of polyimide resin is 
attached to the top faces 10a of the recesses 10. The 
FPC 12 includes a base portion 12a having a nearly 
octagonal outline to be mounted in the recesses 10 of 
the control member 6, and an extended portion 12b 
extending from one end of the base portion 1 2a. 
[0039] On the lower surface of the base portion 
12a, four sensing elements 12c constructed by strain 
gauges, such as resistors, are placed at predetermined 
positions in the form of a cross, and wiring patterns (not 
shown) to be connected to the sensing elements 12c 
are routed from the base portion 12a to the extended 
portion 1 2b. 

[0040] The sensing elements 12c may be bonded 
not only to the lower surface of the control member 6, 



but also to the front sides of the beam portions 6a, 6b, 
6c, and 6d of the control member 6. 
[0041] Such an FPC 12 is mounted by bonding the 
base portion 1 2a to the top faces 1 0a of the recesses 1 0 
in the control member 6 with an adhesive or the like. 
The sensing elements 12c are placed on the lower side 
of the beam portions 6a, 6b, 6c, and 6d of the control 
member 6 so as to point downward, as shown in FIG. 6. 
This makes it possible to reduce the height of the oper- 
ating portion 7, and to reduce the overall height of the 
pointing device P. 

[0042] A resist made of an insulating material is 
applied to the overall lower surface of the base portion 
12a and a part of the lower surface of the extended por- 
tion 12b so as to cover the sensing elements 12c and 
the wiring patterns. 

[0043] The wiring patterns routed to the leading end 
of the extended portion 12b of the FPC 12 are con- 
nected to some of the wiring patterns 2c of the flexible 
substrate 2d in the membrane switch 2. 
[0044] While the four sensing elements 12c are pro- 
vided in this embodiment, two sensing elements may be 
placed at opposing positions. 
[0045] The mounting member 13 for mounting the 
control member 6 is formed of a flat metal plate. The 
mounting member 13 has an octagonal receiving por- 
tion 13a at the center thereof, and arm portions 13b 
extending from the receiving portion 13a in three direc- 
tions. The arm portions 13b have through holes 13c for 
passing therethrough the three projections 1a formed 
on the base 1 . 

[0046] The mounting member 1 3 also has four pro- 
truding pieces 13d formed by louvering side edges of 
the receiving portion 13a so as to face each other. 
[0047] Such a receiving portion 1 3a can receive the 
control member 6 with the FPC 1 2. The control member 
6 laid on the receiving portion 13a is mounted on the 
mounting member 13 by folding the four protruding 
pieces 13d onto the connecting portions 8. 
[0048] When the control member 6 is mounted on 
the mounting member 13, predetermined clearances 
are formed between the top faces 1 0a serving as the 
lower surfaces of the beam portions 6a, 6c, 6c, and 6d 
and the receiving portion 13a. Therefore, even if the 
beam portions 6a, 6b, 6c, and 6d are bent due to load 
horizontally applied on the operating portion 7, the FPC 
1 2 bonded to the top faces 1 0a of the recesses 1 0 does 
not contact the mounting member 13. 
[0049] In the control member 6 mounted on the 
mounting member 13, when load is horizontally applied 
on the operating portion 7, the beam portions 6a, 6b, 6c, 
and 6d are bent in response to tilting of the operating 
portion 7 in the direction of arrow X1 , X2, Y1 , or Y2, and 
the top faces 10a of the recesses 10 corresponding to 
the bent beam portions 6a, 6b, 6c, and 6d are tensioned 
or compressed. 

[0050] When the operating portion 7 is tilted, the 
beam portions 6a, 6b, 6c, and 6d can be reliably and 
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independently bent without interfering with the adjoining 
beam portions because of the holes 9 formed therebe- 
tween. 

[0051] Next, description will be given of assembly of 
the keyboard input device according to the present 
invention. 

[0052] First, the sheetlike membrane switch 2 is laid 
on the base 1. In this case, the three projections 1a 
formed on the base 1 are placed inside the window 2b 
of the membrane switch 2. 

[0053] Next, the pointing device P is laid on the 
base 1 by fitting the holes 13c of the mounting member 
13 in the pointing device P on the projections 1a of the 
base 1 , so that the mounting member 1 3 is placed at the 
window 2b of the membrane switch 2. 
[0054] As shown in FIG. 6, the leading ends of the 
projections 1 a protruding above the upper surface of the 
mounting member 1 3 are caulked by a caulking tool (not 
shown), thereby mounting the pointing device P on the 
base 1 . 

[0055] In this way, since the pointing device has a 
structure in which the sensing elements 12c and the 
mounting member 13 are separate, it can be fixed with- 
out imposing any unnecessary load on the sensing ele- 
ments 12c when mounting the mounting member 13 in 
the keyboard input device. 

[0056] Next, a number of control keys 3 formed in 
the base 1 corresponding to the number of the contact 
portions 2a in the membrane switch 2 are mounted in a 
plurality of mounting portions (not shown) in proper 
alignment. 

[0057] Accordingly, the cap 4 attached to the oper- 
ating portion 7 of the pointing device P is placed among 
the tops of three control keys G, H, and B so as to 
slightly protrude above the key tops thereof. 
[0058] Since the pointing device P is thus placed 
among the key tops of the three control keys G, H, and 
B in the keyboard input device according to the present 
invention, the operator can easily operate the pointing 
device P with the right or left forefinger while pressing 
desired control keys 3. 

[0059] In the operation of the pointing device P, 
when the operating portion 7 is tilted in the X1 -direction 
in FIG. 4, the lower side of the beam portion 6a is bent 
to be compressed, while the lower side of the beam por- 
tion 6b is bent to be tensioned. Therefore, the resist- 
ance of the sensing element 1 2c on the lower side of the 
beam portion 6a decreases, while the resistance of the 
sensing element 12c on the lower side of the beam por- 
tion 6b increases. 

[0060] Furthermore, when the operating portion 7 is 
tilted down in the X2-direction, the lower side of the 
beam portion 6a is bent to be tensioned, while the lower 
side of the beam portion 6b is bent to be compressed. 
Therefore, the resistance of the sensing element 1 2c on 
the lower side of the beam portion 6a increases, while 
the resistance of the sensing element 12c on the lower 
side of the beam portion 6b decreases. This produces a 



voltage difference between the sensing elements 12c, 
and the cursor can be moved in the X-axis direction. 
[0061 ] When the control portion 7 is tilted in the Y1 - 
direction, the lower side of the beam portion 6c is bent 

5 to be compressed, while the lower side of the beam por- 
tion 6d is bent to be tensioned. Therefore, the resist- 
ance of the sensing element 1 2c on the lower side of the 
beam portion 6c decreases, and the resistance of the 
sensing element 1 2c on the lower side of the beam por- 

10 tion 6d increases. 

[0062] Furthermore, when the operating portion 7 is 
tilted in the Y2-direction, the lower side of the beam por- 
tion 6c is bent to be tensioned, while the lower side of 
the beam portion 6d is bent to be compressed. There- 

is fore, the resistance of the sensing element 12c on the 
lower side of the beam portion 6c increases, while the 
resistance of the sensing element 12c on the lower side 
of the beam portion 6d decreases. This produces a volt- 
age difference between the sensing elements 12c, and 

20 the cursor can be moved in the Y-axis direction. 

[0063] While the base 1 has the projections 1 a and 
the mounting member 13 has the holes 13c in this 
embodiment, the base 1 may have holes (not shown) 
and the mounting member 13 may have projections (not 

25 shown). 

[0064] That is, it is satisfactory for one of the mount- 
ing member 13 and the base 1 to have holes and for the 
other to have projections. 

[0065] The three projections 1a of the base 1 may 

30 be replaced with holes 1b, as shown in FIG. 7. In this 
case, the holes 13c of the mounting member 13 are 
aligned with the holes 1b, and rivets 14 or eyelets (not 
shown) are passed through the holes 1b and 13c and 
are caulked, thereby mounting the pointing device P on 

35 the base 1 . 

[0066] While the mounting device 1 3 of the pointing 
device P is mounted on the upper surface of the base 1 
in the above embodiment, it may instead be mounted on 
the lower surface of the base 1 , as shown in FIG. 8. 

40 [0067] While the present invention has been 
described with reference to what are presently consid- 
ered to be the preferred embodiments, it is to be under- 
stood that the invention is not limited to the disclosed 
embodiments. On the contrary, the invention is intended 

45 to cover various modifications and equivalent arrange- 
ments included within the spirit and scope of the 
appended claims. The scope of the following claims is to 
be accorded the broadest interpretation so as to 
encompass all such modifications and equivalent struc- 

50 tures and functions. 

Claims 

1. A keyboard input device comprising: 

55 

a membrane switch having a plurality of con- 
tacts; 

a plurality of control keys arranged on said con- 
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tacts so as to operate said membrane switch; 
a base for placing said membrane switch ther- 
eon; and 

a pointing device mounted on said base and 
having a control member including an operat- 5 
ing portion and a plurality of sensing elements, 
said control member being mounted on a 
mounting member, 

wherein one of said mounting member and 
said base has a hole, the other has a projec- 10 
tion, said pointing device is mounted on said 
base by joining said projection and said hole by 
caulking, and said operating portion of said 
pointing device is placed among said plural 
control keys. 15 

2. A keyboard input device according to Claim 1, 
wherein said base and said mounting member are 
made of metal, and said projection is formed by 
burring or drawing. 20 

3. A keyboard input device comprising: 

a membrane switch having a plurality of con- 
tacts; 25 
a plurality of control keys arranged on said con- 
tacts so as to operate said membrane switch; 
a base for placing said membrane switch ther- 
eon; and 

a pointing device mounted on said base and 30 
having a control member including an operat- 
ing portion and a plurality of sensing elements, 
said control member being mounted on a 
mounting member, 

wherein said mounting member and said base 35 
have holes, and an eyelet or a rivet is passed 
through said holes in mutual alignment and is 
caulked so as to mount said pointing device on 



A keyboard input device according to Claim 3, 
wherein said mounting member is mounted on the 
upper surface of said base. 

A keyboard input device according to Claim 3, 
wherein said mounting member is mounted on the 
lower surface of said base. 
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FIG. 1 
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